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FAILURE MODES EFFECTS ANAL YEIS (FMEA) — CIL HARDWARE
NUMBER:M8-155-E048 -X

SUBSYSTEM NAME: ECLSS - EMU OXYGEN RECHARGE SYSTEM

REVISION: O Qa/08/97
PART DATA
PART NAME PART NUMBER
YEKRDOR HAME VENDOR NUMBER
LRU VALVE, G2 CONTRCL MC250-0004-D006
CARLETON TECHNCLGGIES 1-4-00-51-27

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
ECLSS PANEL EMU OXYGEN CONTROL VALVE

QUANTTYY OF LIKE ITEMS: 2
TWO

FUNCTION:

ALLOWS FLOW OF OXYGEN TO AFFECTED EMU SERVICE PORT WHEN VALVE IS IN
THE OPEN POSITION. WHEN VALVE IS CLOSED, T PHDVIDESE EMU ISOLATION
AGAINET DXYGEN SUPPLY PRESSURE. VALVE 1S NORMALLY CPEN DURING EMU
SERVICING.

REFERENCE DOCUMENTS: V526543001

MB-133 - 513



PAGE 9 FRINT DATE: 0710897

FAILURE MODES EFFECTS AMALYSIS FMEA — ClL FAILURE MODE
NUMBER: Ms-155-E043-03

REVISION#: 0 54/0B/97

SUBSYSTEM NAME: ECLSS . EMY OXYGEN RECHARGE SYSTEM
LRU: ECLESE PANEL EMU OXYGEN CONTROL VALVE CRITICALITY DF THIS
ITEM NAME: VALVE, EMU OXYGEN CONTROL FAILURE MODE: 1R2

FAILURE MODE:
EXTEANAL LEAKAGE (GROSE)

MISSION PHASE: LC  LIFT-OFF
OO0 ON-DRBIT
DO DE-ORBIT

YEHICLE/PAYLOADMIT EFFECTIVITY: 103 DISCOVERY
104 ATLANTIS

105 ENDEAYOUR

CAUSE:
CORROSION, MECHANICAL SHOCK, EXCESSIVE VIBRATION, MATERIAL D’FEG" SEAL

MATERIAL DEG HADATION
CRITICALITY 171 DURING INTACT ABORT ONLY? NO

REDUNDANCY SCREEN A] FASE

B) M/a
€) PASS
PASS/TFAIL RATIOMALE:
A}
B)
N/A - REDUNDANCY IS IN STANDBY UNTIL REQUIRED.
)
METHOD OF FAULT DETECTION:

INSTRUMENTATION - REDUCED OR LOSE OF EMU QXYGEN PRESSURE INDICATION ON
THE AWEB2D PANEL PRESSURE GAUGE. LEAKAGE COULD BE DETESTED BY A DROP (£

OHBITER OXYGEN PAESSURE.

MB-1535 - 525
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER: M8-1S5-E048-03

REMARKSAECOMMENDATIONS:
WITHIN THE ECLSS PANEL DUAL OXYGEN SUPPLY PATHS ARE PAOVIDED TG SERVICE

THE EMU'S, EACH PATH CONTAINS ONE VALVE TO CONTROL FLOW QF QXYGEN, EACH
EMU CONTAINS TWO PRIMARY AND TWO SECONDARY TANKS ALL OF WHICH ARE
FILLED PRIOA TC LAUNCH. CLOSING ORBITER EMERGENCY OXYGEN VALVING TC

TERMINATE LEAKAGE IS A CRITICALITY 1/1 CONDITION.

= FAILURE EFFECTS -

(A) SUBSYSTEM:
WNCONTROLLED OXYGEN FLOW INTO EXTERNAL AIRLOCK.

(B) INTERFACING SUBSYSTEM(S):
INCREASED USE OF OXYGEN. HIGH OXYGEN CONCENTRATION iN EXTEANAL AIRLOCK

UNTIL LEAK IS ISOLATED. POSSIELE FLAMMABILITY VIOLATION. POTENTIAL LOSS OF
EMERGENCY Gz SYSTEM DUE TO EXCESSIVE OXYGEN LEAKAGE.

(C) MISSION: _
CREW OECISION TO ABDRT MISSION WOULD RESULT IN LOSS OF MISSION

QBJECTIVES LES/AIRLOCK 02 SUPPORT HAS BEEN LOST IF LEARKAGE IS SIGNIFICANT.
CABIN Q2 MAKEUF CAPABILITY IS STILL AVAILABLE.

(D) CREW, YEHICLE, AND ELEMENT(S):
INCREASE USE OF ORBITER CONSUMABLES. POTENTIAL BUILDUP OF DAYGEN IN

EXTERNAL AIRLCCK. GROSS EXTEANAL LEAKAGE COULD AESULT IN INADEQUATE D2
SUPPLY TG LES STATIONS AND S®ACE STATION. LOSS OF LES SURPORT CAPABILITY
MAY RESULT IN LOSS OF CREW IF UNCONTROLLED LEAK RATE FROMHIBITS LES
SYSTEM PRESSURIZATION AND LES IS AEQUIRED. LOSS OF O2 TOEMU'S COULD
RESULT IN LOSS OF CAPABILITY TG PERFOAM CONTINGENCY EVA.

{E) FUNCTIONAL CRITICALITY EFFECTS:

LOSS OF EMERGENCY OXYGEN SYSTEM
(1A} FIRST FAILURE (EXTERNAL LEAKAGE OF OXYGEN CONTROL VALVE) - OXYGEN IS

CIvERTED OUT LEAKY VALVE RESULTING IN AN INGREASE USE OF CONSUMARLES.

POTENTIAL FOR BUILDUP OF OXYGEN IN EXTERNAL AIRLOCK.
(2A) SECOND FAILURE (02 SHUTOFF VALVE INTERNALLY LEAKS OR FAILS TD CLOSE]) -

INABILITY TO NOMINALLY TEAMINATE EXTERNAL LEAKAGE OF 02, - CRITICALITY TA2
CONDITION.

INABILITY TO PERFORM CONTINGENCY EVA P
(18) FIRST FAILURE (EXTERNAL LEAKAGE OF DXYGEN CONTROL VALVE) « OXYGEN IS

DIVERTED AWAY FROM EMU PANEL. LOSS OF 02 TO EMU'S COULD RESULT IN LOSS OF

EVA CAPARILTIES IF EMU O2 TANKS ARE EMPTY.
CREW DECISION TO ABORT MISSION WOULD RESULT IN LOSS OF MISSION ORJECTIVES .

« CRITIGALITY 2z CONDITION.

ME-188 - B26
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FAILUHE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMEBER: M8-155-E048-03

{28) SECOND FAILURE (FAILURE NECESSITATING AN EVA TO PREVENT A POTENTIAL

CATASTRQPRHIC SITUATION) - INABILITY TO PERFORM A CONTINGENGY EVA TD
CORRECT A CAIT 1 CONDITION COULD RESULT IN LOSS OF CREW AND VERICLE -

CRITICALITY 1A2 CONDITION.

DESIGN CRITICALITY (PRIOR TO DOWNGRADE, DESCRIBED IN (F)): 1R2

(F) RATIONALE FOR CRITICALITY DOWNGRADE:

LOSS OF EMERGENCY OXYGEN SYSTEM

{3A) THIRD FAILURE (FAILUAE THAT REQUIRED THE LES 7O BE USED) - LOSS OF
ORBITER OXYGEN SUPPLY RESULTING IN POTENTIAL LOSS OF CREW AND VEMICLE. -
CRITICALITY 1R2 DONDITION.

(4A) FOURTH FAILURE (INABILITY TO ISOLATE EXTEANAL LEAKAGE) + GROSE EXTERNAL
LEAKAGE RESULTS IN INADEQUATE 02 SUPPLY TO LES STATIONS. LOSS OF LES
SUPPORT CAPABILITY MAY RESULT IN LOSS OF CREW IF LEAK RATE PROHIBITS LES
SYSTEM PRESSURIZATION AND LES IS AEQUIRED. NOTE - IN AN B.0 PSIA HOLE IN
CABIN CONTINGENCY MODE, AN EXTERNAL LEAK ALLOWING FLOW INTD THE CABIN
MAY NOT BE CATASTROPHIC SINCE THERE IS A POSSIBILITY OF SAFELY BREATHING
CABIN AR, INTD WHICH THE 02 IS LEAKING, BY RAISING LES VISOR. WORST CASE
FAILURE WOULD BE IN CASE OF CONTAMINATED CABIN ATMOSPHERE, WHEN
LEAKAGE PREVENTS ADEQUATE FLOW TO LES STATIONS AND CABIN AIR MAY NOT B2

SAFE FOR BREATHING . - CRITICALITY 1R CONDITION.

» TIME FRAME -

TIME FROM FAILURE T CRITIGAL EFFECT: DAYS

TIME FROM FAILURE OCCURRENGE TO BETECTION: SECONDS

TIME FAOM DETECTION TO COMPLETED CORRECTING ACTION: N/A

IS TIME REQUIRED TC IMPLEMENT CORRECTING ACTION LESS THAN TIME TO EFFECT?

NO

HATIONALE FOR TIME TO CORRECTING ACTION VS TIME TO EFFECT:
THERE IS NO CORRECTIVE ACTION IF CREW DECIDES TO ABORT THE MISSION AS THE

RESULT OF THIS FAILURE.
HAZARD REPORT NUMBER{S): ORBI FF-09, ORBI 270, OREB! 299

HAZARDXS) DESCRIPTION:
INABILITY TO SAFELY PERFORM EVA (FF-09), INABILITY TO SUPPLY 02 TO CABIN/CREW
(OFBI 270}, FLAMMABILITY THREAT IN CABIN DUE TO 02 LEAKAGE FROM ARS OR OTHER

SYSTEMS (ORBI 299)

MB-188 - 527
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FAILURE MODES EFFECTS ANALYSIS [FMEA) = CIL FAILURE MOUE
NUMBER; WM3-155-E048-03

~DISPOSITION RATIONALE-

(A) DESIGN: .
VALVE BODY IS MADE OF §061-T6 ALUMINUM ANGDIZED FOR CORAOSION RESISTANCE.

FITTINGS ARE MADE OF 17-4 PH CONDITION A CRES. WHICH IS PRECIPITATION
HARDENED CORROSION AESISTANT STEEL AND HAS A HIGH STRENGTH TO WEIGHT
RATIO. THE VALVE SEAT IS MOLDED OF VESPEL SP-1, WHICH EXMIBITS HIGH
MECHANICAL STRENGTH. LOW WEAR AATE, AND SEALING COMPLIANCE WITHOUT
PERMANENT DISTORTION. STATIC SEALS ARE MADE OF SILASTIC &7% BILICONE
RUBBER. POPPET IS PRESSURE COMPENSATED THROUGH THE USE OF PYNAMIC
SEALS AT EACH END, WHICH SLIDE ON THE VALVE STEM. VALVE STEM IS HIGHLY
POLISHED FOR EASE OF OPERATION (REDUCED FRICTION PROTECTS SEALS).
DYNAMIC SEALS ARE ALSO SILASTIC 675 SILICONE AND ARE LUBRICATED WITH
BRAYCD LUBE. SILASTIC 575 SILICONE RUBBERA MAS GOOD RESISTANCE TO
ENVIRONMENTAL EXPOSURE, FLEXING, AND FATIGUE. IT ALSO HAS LOW
FLAMMABILITY AND QUTGASSING, THE OZONE RESISTANGE OF SILICONE AUBBER IS
EXCELLENT AND NO RUBBER IS SUPERIOR TO [T. BRAYCO LUBE IS COMPATIBLE WITH
LOW AND MIGH PRESSUAE 02. INLET/OUTLET PORTS ARE FILTER PROTECTED TO 25
MICRONS. CONSTANT SEAT FORCES DUE TO BELLEVILLE CLOSING SPRING ELIMINATE
EXCESS SEAL AND SEAT WEAR. OPERATING FORCE IS 4.5 POUND S MAXIMUM AND 15
INDEPENDENT OF PRESSURE LOADS. ALL MATERIALS USED ARE COMPATBLE WITH
QXYGEN. THE MOST PROBABLE LEAK (TWO CUT O-RINGS WORST CASE) IS

ESTIMATED AT 100 SCCM (0,175 LBHRA).

{B) TEST:
CERTIFICATION FOR 100 MISSION LIFE {ORBITER 02 VALVE) - CERTIFIED BY SIMILARITY

TOIDENTICAL VALVES {02 ISOLATION VALVE. LES 02 MANUAL SHUTOEF VALVE, AND
NITROGEN CROSSOVER VALVE) AND TO SIMILAR TYPE VALVES USED ON APQLLO
FROGRAM TRAT WERE FULLY QUALIFIED TO MORE SEVERE SEQUIREMENTS. LIFE
CYSLE TESTING - VALVES SUBJECTED TO 150 QPEN/CLOSE CYCLES AT A PRESSURS
OF 30¢ PSIG, AND TESTED FOR EXTERNAL LEAXKASE PRE AND POST LIFE CYCLE
TESTING. COMPONENT BURST PRESSURE TESTED AT 490 PSIG FOR A MINIMUM OF 5
MINUTES (2 TIMES MAXIMUM OFERATING PAESSURE). OREITER 02 ISCLATION AND N2
CROSEOVER VALVES SUBJECTED TO THE FOLLOWING AS PART OF THE NZ/02
CONTROL PANEL: RANDOM VIBRATION SPECTRUM - 20 TO 150 HZ INCREASING AT &
DB/OCTAVE TO 0.03 G**2HZ AT 150 HZ: CONSTANT AT 0.03 G™2HZ FROM 150 TO 1000
HZ DECREASING AT § DBAOCTAVE FROM 1000 TO 2000 HZ FOR 48 MINUTES PER AXIS
FOR THREE ORTHOGONAL AXES, DESIGN SHOGK - 20 G TERMINAL SAWTOOTH PULSE
OF 11 M5 DURATION IN EACH DIRECTION OF THREE ORTHOGONAL AXES. ATF TG
VERIFY LEAKAGE FERFORMED AFTER SHDCK AND VIBRATION TESTING, NOTTO

EXCEED 0.2 SCCM AT PRESSURE OF 110 PSIC.

ACCEPTANCE TEST (ORBITER 02 VALVE) - PROOF PRESSURE 1875 PSIG, INTEANAL
LEAK TEST REQUIAREMENT 5.0 SCCM MAXIMUM LEAKAGE AT 1250 PSIG, AND EXTE ANAL

LEAK 0.2 SCCM MAXIMUM AT 1250 PSIG. ]

INVEHICLE TESTING (CRBITER O2 VALVE) « AFTER INSTALLATION THE EMERGENCY
BREATHING SYSTEM IS OVERPRESSURE TESTED AT 220-230 PSIG.

IN-PROCESS AND ACCEPTANCE TEST (EMU OXYGEN RECHARGE SYSTEM) - (A)
OVERPRESSURE TEST: WITH COMPONENTS INSTALLED & OPEN, EMU OXYGEN

MAD 10D Eag
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FAILURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
NUMBER: Me-155-ED048-01 .

AECHARGE SYSTEM PRESSURIZED BETWEEN 12495 aND 1345 PSIG AND HELD FOR A
MINIMUM OF 5 MINUTES. LINES, FITTINGS, AND FEEDTHROUGHS VERIFIED NOT TO

RUPTURE. AND (B) JQINT LEAK CMECK: EMU OXYGEN RECHARGE SYSTEM
PAESSURIZED BETWEEN 925 AND 950 PSIG WITH GHE. LEAK RATES VERIFIED NOT TO
EXCEED 1 X 10-7 SCC5 INDICATED OR 1 X 104 5CCS ACTUAL PER MFDDO1-002. GROSS

LEAKAGE NOT TQO EXCEED 10 SCCM.

OMRASD « TURNARQUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANGE WITH
OMASD.

(T} INSPECTION:

RECEIVING INSPECTION
RAW MATERIAL VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS

CERTIFICATION,

CONTAMINATION CONTROL
CLEANLINESS LEVEL 200A PER MADT 10-301 AND 100 ML RINSE TESTS YERIFIED BY

INSFECTION.

ASSEMBLY/INSTALLATION _
TORQUES VERIFIED BY INSPECTION. SPAING FORCES VERIFIED BY INSPECTION.

DIMENSIONAL CHECKS PERFORMED BY INSPECTION. MIPS FOR CONGENTRICITY AND
PERPENJICULARITY YERIFIED BY INSFECTION. 10X VISUAL INSPECTION ON SEAL RING

VERIFIED BY INSPECTION

NONDZSTRUCTIVE EVALUATION
WELDS ARE VISUALLY EXAMINED BY 20X AND X-RAY AND DYS PENETRANT INSRECTICN.

CRITICAL PROCESSES
TIS WELD SCHEDULE, PARTS PASSIVATION, ANQDIZING. AND HEAT TREATMENT

VYER'FIED BY INSPECTION. SOLDER CONNECSTIONS YERIFIZD BY INSPEATION TO BE
PER MHBI300.4(3A). POTTING VISUALLY VERIFIED BY INSPECTION. APPLICATION OF

LUBRICANT ON SEAL RING VERIFIED BY TECHNICIAN.

TESTING
ATR/QTP/OMRSED YERIFIED BY INSPECTION.

HANDLING/PACKAGING
PARTS PROTECTION AND HANDLING/SHIPPING REQUIREMENTS VERIFIED BY
INSFECTIONM.

(D) FAILURE HISTORY:
CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES. AND

QTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ASTIVITY CAN BE
FOUND IN FRACA DATA BASE. -

(E) OPERATIONAL LISE:
CREW COULD TERMINATE OXYGEN FLOW TO TME EMU'S BY CLOSING THE OXYGEN

SHUTOFF VALVE IN THE MID DECK. iF THIS FAILS, CREW COULD PERFORM ORBITER
LEAK ISOLATION AND HIGH 02 CONCENTRATION TROUBLE SHOOTING.

MO A28 ENO
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FAILURE MODES EFFECTS ANALYS!S (FMEA) — CIL FALURE MODE
NUMBER: M8-155-E048-03

- APPROVALS -
$5 4 PAE r M. W. GUENTHER
PAE MANAGER . C.A ALLISON :
DESIGN ENGINESR K. J. KELLY : B 24
NASA SS/MA : : =i s &
NASA SUBSYSTEM MANAGER - cbe M R e
JEC MQD : S AT § A
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